Background. The long-term incidence and factors associated with hepatitis B surface antigen (HBsAg) loss in hepatitis B e antigen (HBeAg)-negative chronic hepatitis B (CHB) patients receiving peginterferon is rarely reported.
Chronic hepatitis B virus (HBV) infection is estimated to affect 248 million people worldwide and is associated with the development of cirrhosis and hepatocellular carcinoma (HCC) [1] . Hepatitis B e antigen (HBeAg)-negative chronic hepatitis B (CHB), the predominant type of CHB worldwide, represents a progressive and difficult-to-cure phase in the natural history of chronic HBV infection [2] . The goal of antiviral therapy for CHB is to improve survival and quality of life by preventing disease progression and HCC development through sustained suppression of HBV and, ideally, the clearance of hepatitis B surface antigen (HBsAg), which is considered a functional cure of HBV infection [3] [4] [5] . Unfortunately, HBsAg loss is uncommon by current treatment strategies, especially in patients with HBeAg-negative CHB [6] .
Among the current standard antiviral therapies for CHB, peginterferon alfa (PegIFN) offers several benefits over nucleos(t)ide analogs (NUCs), including a finite duration of therapy and a higher rate of HBsAg loss [7] . In HBeAg-negative CHB patients, the 48-week PegIFN therapy leads to a sustained off-treatment virological response (SVR) in approximately 30% of patients, but HBsAg loss during PegIFN therapy is rare [8] [9] [10] [11] . Nevertheless, the chance of HBsAg loss may continue to increase during long-term follow-up in patients achieving SVR. In the registration trial, only 3% of HBeAg-negative CHB patients had HBsAg loss 6 months after the end of PegIFN treatment, while the rate of HBsAg loss progressively increased to 9% at year 3 and 12% at year 5 [8, 12, 13] . On-treatment HBsAg declines have been shown to predict HBsAg loss after PegIFN therapy [14] [15] [16] , while baseline predictors of long-term HBsAg loss remains undetermined.
Currently, there are a limited number of studies reporting the incidence and predictors of long-term HBsAg loss following finite treatment with PegIFN for HBeAg-negative patients. The aim of this study was to evaluate the long-term incidence of HBsAg loss and factors associated with treatment response in HBeAg-negative CHB patients treated with PegIFN therapy.
METHODS

Patients
Consecutive HBeAg-negative CHB patients who completed 48 weeks' PegIFN α-2a treatment from 1 January 2004 to 1 January 2016 were retrospectively reviewed from Taipei Veterans General Hospital, Cathay General Hospital, and China Medical University Hospital, Taiwan. The inclusion criteria were age ≥20 years old, positive for HBsAg, and negative for HBeAg for more than 6 months before the treatment, a pretreatment serum alanine aminotransferase (ALT) equal to or more than 2 times the upper limit of normal (ULN), and a baseline HBV viral load of ≥2000 IU/mL, which fulfilled the treatment criteria for CHB according to the Asian Pacific Association for the Study of the Liver (APASL) treatment guidelines as well as the reimbursement policy of National Health Insurance Administration, Ministry of Health and Welfare, Taiwan [17, 18] . Exclusion criteria included the following points: (1) coinfection with hepatitis C virus, hepatitis D virus, or human immunodeficiency virus; (2) alcoholic liver disease; (3) suspected autoimmune diseases; and (4) and radiological evidence of HCC (ie, abdominal sonogram, computed tomography scan, or magnetic resonance imaging scans). This study was approved by the Institutional Review Board, Taipei Veterans General Hospital, Institutional Review Board of the Cathay General Hospital, and Institutional Review Board of the China Medical University Hospital, which complied with standards of the Declaration of Helsinki and current ethical guidelines. As a retrospective cohort study, patient informed consent was waived by the above Institutional Review Boards.
PegIFN Treatment, Posttreatment Follow-up, and Definition of Responses
Patients received Peginterferon α2a 180 μg once weekly for 48 weeks, and the dosage was adjusted according to any adverse effect identified by their physicians. After initiating PegIFN treatment, patients were followed at the outpatient clinics every 2 to 4 weeks. In addition to conventional biochemistry tests, HBV DNA levels were measured at baseline, week 12 or 24, the end of treatment, week 24 and 48 after the end of treatment. Serum HBsAg level was measured at baseline, week 12 or 24, and additional assays when appropriate.
SVR was defined as a serum HBV DNA less than 2000 IU/ mL at 48 weeks posttreatment. HBsAg seroconversion was indicated as seronegative of HBsAg and seropositive of anti-HBs in serum.
Liver Biochemistry, Virological Tests, and HBV Genotyping Serum biochemistry tests were measured by systemic multiautoanalyzer (Technicon SMAC, Technicon Instruments Corp., Tarrytown, NY). Serum HBeAg and anti-HBe antibody were measured by radioimmunoassay (Abbott Laboratories, North Chicago, IL). HBV DNA was determined by Roche Cobas Taqman HBV DNA assay (detection limit of 20 IU/mL, Roche Diagnostics, Switzerland). Before 2008, HBsAg was tested using a radioimmunoassay kit (Abbott Laboratories, North Chicago, IL). After 2008, HBsAg levels were quantified using the Abbott Architect HBsAg assay (Abbott Diagnostics, Abbott Park, IL) or Elecsys HBsAg II assay (Roche Diagnostics, Mannheim, Germany) with detection limit of 0.05 IU/mL. Anti-HBs was tested using Architect anti-HBs assay (Abbott Laboratories, Sligo, Ireland). Genotyping of HBV was performed by polymerase chain reaction restriction fragment length polymorphism of the surface gene of HBV as previously described [10, 19] .
On-treatment ALT and aspartate aminotransferase (AST) elevations were defined as an increase in serum ALT and AST at least 1 times ULN compared with baseline levels, while on treatment ALT and AST flares were defined as a 3-fold increase in serum ALT and AST compared with baseline levels during PegIFN treatment [20] . Fibrosis 4 index (FIB-4) score was calculated using the formula: age (years) × AST (U/L)/platelet count (10 9 /L) × (ALT [U/L]) 1/2 and fibrosis stage 3/4 was defined by FIB-4 score ≥3.25 [21] .
Statistical Analyses
Values were expressed as median (ranges) or as mean ± standard deviation when appropriate. Mann-Whitney U test was used to compare continuous variables. Pearson Χ 2 analysis or Fisher exact test was used to compare categorical variables. The Kaplan-Meier method was used to estimate time to HBsAg loss. The log-rank test was used to compare survival curves between patient groups. Analysis of prognostic factors for HBsAg loss was performed using the Cox proportional hazards model. Variables that achieved statistical significance (P < .05) or those close to significance (P < .1) by univariate analysis were subsequently included in the multivariate analysis. A 2-tailed P < .05 was considered statistically significant. All statistical analyses were performed using the IBM SPSS Statistics V22 (IBM, Armonk, NY).
RESULTS
Baseline Characteristics
A total of 233 PegIFN-treated patients were enrolled in this long-term follow-up study. Of these, 160 (68.7%) had HBsAg data available at baseline. Baseline characteristics were similar between the 2 populations ( Table 1) . The majority of patients were males (88.4%), treatment naive (76%), and HBV genotype B (78%). Seventeen (7.3%) patients had cirrhosis and 25 (10.7%) had significant fibrosis defined by FIB-4 score.
Sustained Off-Treatment Virological Response
The SVR status was available in 218 (93.6%) patients. Among them, 63 (28.9%) patients achieved SVR after the 48-week Peg-IFN therapy. By multivariate analysis, HBsAg level (<1250 IU/mL; odds ratio [OR] = 2.073, P = .040) was the only baseline predictor of SVR while HBsAg decline ≥1 log at week 24 (OR = 2.818, P = .010) was the on-treatment predictor of SVR ( Table 2) .
Incidences of HBsAg Loss and HBsAg Seroconversion
At a median follow-up period of 7.4 years after PegIFN therapy, HBsAg loss was documented in 27 (11.6%) cases. Among the 27 patients achieving HBsAg loss, 25 patients had follow-up antiHBs data, and 22 of them (88%) had documented HBsAg seroconversion. All the 3 cases with HBsAg loss but without HBsAg seroconversion had undetectable HBV DNA when HBsAg loss occurred. The cumulative incidences of HBsAg loss and HBsAg seroconversion at 3, 5, 7, 10 years after PegIFN treatment were 4.7%, 9.4%, 11.8%, 14.2%, and 3.5%, 6.4%, 9.9%, 12.5%, respectively, in the overall 233 patients ( Figure 1A and 1B). The median interval of HBsAg loss to HBsAg seroconversion was 8.4 months (ranged 0-90.23). The cumulative incidence of HBsAg seroconversion after HBsAg loss was 53.4% at 1 year and 89.8% at 5 years ( Figure 1C ).
In 160 patients with available baseline HBsAg, HBsAg loss was documented in 17 (10.6%) cases. All the 17 cases had available anti-HBs data, and 15 of them had documented HBsAg seroconversion (88.2%). The cumulative incidences of HBsAg loss and HBsAg seroconversion at 3, 5, 7, 10 years were 5.6%, 9.1%, 10.8%, 12.1%, and 3.7%, 5.9%, 10.2%, 11.6%, respectively, which were similar to the incidences in the overall population ( Figure 1A and 1B).
In patients achieving SVR, the cumulative incidences of HBsAg loss and HBsAg seroconversion at 3, 5, 7, 10 years were 15.9%, 29.1%, 33.6%, 37.3%, and 13.1%, 19%, 30.6%, 30.6%, respectively, whereas in patients without SVR, the cumulative incidences of HBsAg loss and HBsAg seroconversion at 3, 5, 7, 10 years were 1.3%, 2.6%, 3.5%, 5.5%, and 0%, 2.1%, 3%, 4.5%, respectively (P < .001; Figure 2A and 2B).
In patients without cirrhosis, the cumulative incidences of HBsAg loss and HBsAg seroconversion at 3, 5, 7, 10 years were 5.1%, 9.7%, 11.7%, 14.6%, and 3.7%, 6.9%, 9.4%, 12.7%, respectively, whereas in patients with cirrhosis, the corresponding incidences were 0%, 5.9%, 11.8%, 11.8%, and 0%, 0%, 11.8%, 11.8%, respectively ( Figure 2C and 2D ).
In patients with genotype B, the cumulative incidences of HBsAg loss and HBsAg seroconversion at 3, 5, 7, 10 years were 6.1%, 8.6%, 9.6%, 11.4%, and 5.3%, 6.2%, 10.4%, 10.4%, respectively, whereas in patients with genotype C, the corresponding incidences were 2.8%, 9.1%, 9.1%, 9.1%, and 0%, 6.4%, 6.4%, 12.6%, respectively (Supplementary Figure 1A and 1B).
Predictors of HBsAg Loss After PegIFN Therapy in 160 Patients With Available Baseline HBsAg Data
To evaluate the predictive value of baseline HBsAg level for long-term HBsAg loss after PegIFN therapy, further analysis was focused on the 160 patients with available baseline qHBsAg data (Table 3) . In multivariate analysis, young age (<35 years; hazard ratio [HR] = 3.742, P = .007; Figure 3A ) and lower HBsAg levels (<1250 IU/mL; HR = 4.849, P = .002; Figure 3B ) were independent baseline predictors of HBsAg loss, whereas HBsAg decline ≥1 log at week 24 (HR = 5.660, P = .002; Figure 3C ) and achieving SVR (HR = 8.546, P = .006) were on-treatment predictors of HBsAg loss. Combining age younger than 35 years and baseline HBsAg <1250 IU/mL selected patients with the highest chance of HBsAg loss, with a cumulative incidence of 45.5% at year 4 and later years. In contrast, patients older than 35 years with baseline HBsAg ≥1250 IU/mL had the lowest chance of HBsAg loss, with the cumulative incidence of 5.6% at year 10 (P < .001; Figure 3D ).
HBsAg Loss After PegIFN Therapy in Patients With and Without SVR
In patients with SVR, 21 (33.3%) cases developed HBsAg loss during the follow-up period. Among them, the cumulative incidence of HBsAg loss at 5 years was 57.1% in patients age younger than 35 years with baseline HBsAg <1250 IU/mL. Among patients either younger than 35 years or with baseline HBsAg <1250 IU/mL, the incidence of HBsAg loss were higher than 30% at year 5. But HBsAg loss was only 17% at 10 years in patients older than 35 years with baseline HBsAg ≥1250 IU/mL (P = .035; Figure 4A ).
In patients without SVR, only 6 (3.5%) cases developed HBsAg loss during the follow-up period. The cumulative incidence of HBsAg loss at 5 years was 25% in patients age younger than 35 years with baseline HBsAg <1250 IU/mL, and only 2.1% at 10 years in patients older than 35 years with baseline HBsAg ≥1250 IU/mL (P = .031; Figure 4B ).
Long-Term Retreatment Outcomes
During the follow-up period, 91 (39.
DISCUSSION
Although PegIFN has been one of the standard treatments for patients with CHB for more than a decade, the long-term HBsAg loss and HBsAg seroconversion rates after PegIFN therapy have rarely been reported in HBeAg-negative patients. In this multicenter long-term follow-up study with a median follow-up period of 7.4 years, we reported the annual incidence of HBsAg loss of 1.4% in the overall patients treated with 48 weeks' PegIFN, while the HBsAg loss rate was much higher in patients achieving SVR, which was documented in about one-third with the annual incidence of 3.7%, indicating that SVR is an important milestone for PegIFN treatment in HBeAg-negative CHB.
The overall SVR rate of 28.9% in this study was consistent with previous reports for PegIFN therapy in HBeAg-negative patients [8, 12] . By multivariate analysis, baseline HBsAg <1250 IU/mL and on-treatment HBsAg decline were independent predictors of SVR. Baseline HBsAg levels have recently been found to predict SVR in HBeAg-negative patients [4, 11] , while on-treatment HBsAg decline is a well-known predictor of SVR in both HBeAg-positive and HBeAg-negative patients [4, 15, 22, 23] . These data suggest that HBsAg is a valuable tool for both selection of patients suitable for PegIFN therapy and monitoring of patients during treatment.
The cumulative HBsAg loss rates of 4.7% and 9.4% at 3 and 5 years in this real-world study were slightly lower than the previously reported rates of 9% and 12% in the registration trial [12, 13] , possibly due to the differences in race and infected HBV genotypes of the study populations. Nevertheless, our results showed that the HBsAg loss rates continuously increased to 11.8% at year 7 and 14.2% at year 10. The rate of HBsAg seroconversion after PegIFN therapy has not been reported before. We showed that HBsAg seroconversion developed in 88% of patients with HBsAg loss, with the annual incidence of 1.25% in the overall population and 3.06% in patients achieving SVR.
The incidence of a hepatitis flare related to PegIFN therapy varies among studies [24] . In our data, we did not observe an The reported annual rate of spontaneous HBsAg loss was about 1.2% in inactive HBV carriers and 1.5% in patients with cirrhosis [25] . In the REVEAL study cohort, the annual rate of HBsAg loss in HBeAg-negative patients with HBV DNA >2000 IU/mL was about 1%, while the annual rate of HBsAg loss was 1% and 1.8% for patients with genotype B and C, respectively [26, 27] . In HBV carriers with low viral loads, the annual rate of HBsAg loss has been shown to be 1.4%, 1.8%, and 1.9% in patients with age 28-39 years, HBsAg 100-999 IU/mL, and HBsAg 10-99 IU/mL, respectively [28] . Compared to the untreated patients, the annual HBsAg loss rate was much higher in responders to PegIFN therapy in this study (3.7%/year), and this advantage could be observed across all subgroups of patients achieving SVR by PegIFN, including cirrhosis (2%), without cirrhosis (3.93%), genotype B (3.38%), genotype C (2.71%), age younger than 35 (4.59%), and baseline HBsAg levels <1250 IU/ mL (4.1%) (Supplementary Table 1 ).
In HBeAg-positive patients treated with PegIFN, previous report showed that 11% of overall patients and 30% of the initial responders developed HBsAg loss after a mean follow-up of 3 years [29] . In this study, the incidence rate of HBsAg loss at year 3 was 4.7% in overall patients and 15.9% in patients achieving SVR, suggesting that the probability of HBsAg loss after PegIFN therapy was lower in HBeAg-negative patients compared to HBeAg-positive cases.
In CHB patients under NUC therapy, Kim et al reported an annual HBsAg loss rate of 0.33% during a median follow-up period of 6 years [30] . Jeng et al recently showed that in HBeAgnegative patients who stopped NUCs therapy by the APASL stopping rule, the 6-year cumulative incidence of HBsAg loss was 13% with an estimated annual incidence of 1.78% [31] . These data suggest that the overall HBsAg loss rate was much higher in patients treated with PegIFN as compared to patients treated with NUCs, as the cumulative incidence of HBsAg loss reached 37% at 10 years in PegIFN responders. With the higher chance of HBsAg loss, PegIFN therapy should be encouraged in patients eligible for this therapy, especially for those with younger age and lower HBsAg levels. Predictors of long-term HBsAg loss after PegIFN therapy have rarely been reported. In this study, we identified age younger than 35 years, baseline HBsAg levels lower than 1250 IU/mL, on-treatment HBsAg declines, and achieving SVR as independent predictors of HBsAg loss. Age and baseline HBsAg levels have been shown to predict SVR to PegIFN in HBeAg-negative patient and therefore could be associated with subsequent HBsAg loss in patients achieving SVR [11, 32] .
On-treatment HBsAg decline, which is an important predictor of SVR [11, 15, 22, 23] , has also been shown to predict long-term HBsAg loss after PegIFN therapy [14] [15] [16] . In this study, the annual incidence rate of HBsAg loss was 3.7% and 0.55% in patients with and without SVR, respectively, indicating that achieving SVR is the most predominant factor associated with long-term HBsAg loss. Because about one-third of patients with SVR developed HBsAg loss within 10 years, identifying those who had the highest chance with SVR before PegIFN therapy is of great clinical importance. The optimal cutoff value of HBsAg to predict HBsAg loss in PegIFN-treated CHB has not been defined. In HBeAg-negative patients, previous studies showed that HBsAg level <10 IU/ mL [28] or <20 IU/mL [33] was a strong predictor of HBsAg loss in the natural course of HBV infection. In HBeAg-negative patients treated with NUCs, HBsAg <100 IU/mL [31] or <120 IU/mL [34] at the end of treatment was shown to predict HBsAg loss after cessation of NUC therapy. In our study, we identified a cutoff value of baseline HBsAg predicting SVR and long-term HBsAg loss. The cutoff value of 1250 IU/mL predicting SVR was in accordance with previous reports [11, 32] . We also found that the cutoff value of 1250 IU/mL was most discriminative for predicting long-term HBsAg loss. The 5 year cumulative incidence of HBsAg loss was about 20% in patients with baseline HBsAg less than 1250 IU/mL ( Figure 3B ).
Age younger than 35 years and HBsAg less than 1250 IU/mL could select patients with the highest chance of HBsAg loss in the overall population as well as in patients with and without SVR ( Figure 3D and Figure 4A and 4B). The 5-year incidence of HBsAg loss was about 57% in SVR patients fulfilling these criteria. Even in patients either younger than 35 years or with baseline HBsAg <1250 IU/mL, the cumulative incidence of HBsAg loss after achieving SVR was also higher than 30% at year 5. Further strategies, such as PegIFN combination therapies, to improve HBsAg loss rate require further exploration.
This study has some limitations. The main limitation is its retrospective design and only limited number of cases achieved HBsAg loss, even with combining data from 3 main medical centers in Taiwan. This reflects the fact that only a minority of CHB patients received PegIFN therapy and that HBsAg loss is not frequent. Second, not all patients had available HBsAg data at the end of treatment. Therefore, we could not evaluate the predictive value of HBsAg levels at end of treatment. Nevertheless, PegIFN therapy had a finite duration, and the HBsAg levels at end of treatment would not alter the treatment strategy. Our HBsAg ≥1250 IU/mL P = .003
HBsAg decline <1 log HBsAg decline ≥1 log P = .002
Age ≥35 years P = .017 80 60 40 results provide the baseline predictors of long-term HBsAg loss that may help clinicians to identify those who would get most benefit from PegIFN therapy before starting treatment. Third, our study population was mainly infected with HBV genotype B (78%) and C (21%). Previous studies showed that patients with genotype A had higher rates of HBsAg loss after PegIFN therapy than other genotypes [35] . Therefore, we do not know whether the HBsAg cutoffs could be applied to other HBV genotypes.
In conclusion, in HBeAg-negative CHB patients treated with PegIFN, the probability of HBsAg loss continued to increase during long-term follow-up, with annual incidence of 1.4% in overall patients and 3.7% in patients achieving SVR. Age, baseline HBsAg levels, on-treatment HBsAg decline, and achieving SVR are key factors associated with HBsAg loss after PegIFN therapy.
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